Introduction
An important direction in the treatment of patients with partial secondary adentia by dental implantation is to reduce the time from the installation of dental implants to their functional loading. One way to reduce the time of prosthetics for patients with partial secondary adentia is to optimize the processes of osseointegration of dental implants by changing the surface properties of implants and affecting the processes around them, starting from early postoperative periods. To do this, various chemical and physical methods are used to modify the surface of dental implants, including changes in geometry, wettability, micro-and nanotopography, aimed at improving molecular interactions and cellular response to implantation biomaterials to achieve more efficient osseointegration [1] [2] [3] [4] [5] [6] [7] .
Among the many therapeutic measures used in the treatment of partial secondary adentia, the use of physical factors is of great importance. They are widely used at various stages of therapy, prevention and rehabilitation of dental diseases. The desire to achieve full osseointegration and reduce the complications rate after dental implantation encourages researchers to search for new, more effective therapies and their combinations [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] .
Aim of the study. The aim of the study was to experimentally and clinically justify and prove the feasibility and effectiveness of using low-intensity pulsed ultrasound in dental implantation to help restore and form bone tissue around implants.
Material and methods. To evaluate the effect of low-intensity pulsed ultrasound on the wettability of the surface of titanium dental implants, 64 dental implants made of titanium Grade 5 were used in the experiment. The control group consisted of 32 dental implants without ultrasound exposure. The experimental group included 32 dental implants, which were exposed to low-intensity low frequency pulsed ultrasound (LILFPUS).
To study the nature of morphological changes in peri-implant bone tissues under the influence of the contact effect on the implants and peri-implant tissues with low-intensity pulsed ultrasound 9 5 we performed experimental studies on 77 rabbits of the Chinchilla breed of both sexes, kept in steady conditions on a standard diet according to established standards in accordance with the rules for working with experimental animals. The animals were divided into three groups: the first group consisted of 27 rabbits with the traditional implantation method, the second group consisted of 25 rabbits with dental implants exposed to LILFPUS during implant insertion and the third group consisted of 25 rabbits with LILFPUS exposure of dental implants on insertion and subsequent LILFPUS exposure on the perimplant area (Fig. 1). a) b) Fig. 1 . a) The installed dental implant, b) scoring the dental implant At the end of the observation period, the animals were withdrawn from the experiment in accordance with the principles of bioethics (GLP standards). The study of micro-preparations and the production of micrographs were carried out with magnification of 100 and 400 using Axio Imager (Zeiss) and DMLS microscopes with software (Leica, Germany).
Morphometric analysis of histological preparations of bone samples was carried out at a magnification of 50 along the entire perimeter of each micropreparation using the Leica-Qwin software-hardware complex. The area of the active osteoblastic surface (So), the area of the newly formed (granulation, fibreotomic and bone) perimplant tissue (Sn) and the integration index (Io) were determined.
The clinical part was based on the results of a survey of 61 patients with a partial secondary adentia at the age of 35-44 years. Patients were divided into two groups, depending on the treatment used. The composition of the groups was uniform in severity of partial secondary adentia (Kennedy's third grade), age and sex of patients.
Patients of the first group had dental implantation carried out according to the traditional method, and in patients of the second group dental implantation was performed with a combined effect of low-intensity pulsed ultrasound on dental implants and perimplant tissues.
Statistical processing of data was carried out in accordance with modern requirements for conducting biomedical research using the application package Microsoft Excel 2010 (version 10.0, StatSoft, Inc., USA) and Statistica 6.0 software.
Results of experimental studies on the wettability of the surface of dental implants
To study the effect of LILFPUS on the surface wettability of titanium dental implants, an experimental medical-technical model was developed, consisting of an ultrasonic device, a fixedmounted digital photo/video camera and a laboratory stand with a smooth vertical feed, in which an ultrasound nozzle with an experimental dental implant and fastener with a control implant were fixed. As a wetting agent, 0.9 % sterile physiological sodium chloride solution was used in a petri dish tinted with brilliant green.
Using the components of the model, it was possible to immerse the control and experimental dental implants, fixed on a laboratory stand, equally and uniformly at the same depth. Empirically, the base resonance frequency was determined for a given size of dental implants. During the immersion, test prototypes of dental implants were subjected to low-intensity low frequency pulsed ultrasound with the detected resonance frequency for 15 seconds.
The results of the studies showed that under the influence of ultrasound, the wetting of the surface of all the test samples was 100 %, and the wetting of the control samples was not observed. The time for complete wetting of the surface of the experimental dental implants subjected to low-intensity low frequency pulsed ultrasound was up to 12 seconds (Fig. 2) . Thus, the experiment proves the possibility to induce increased wettability effect on the surface of titanium dental implants under the influence of low-intensity low frequency pulsed ultrasound.
The results of morphological studies. After the installation of dental implants osteointegration processes in all groups of animals passed without disrupting the sequence of the repair stages. However, the timing and degree of reparation and osseointegration in the control and experimental groups of animals differed depending on the methods of treatment. In the early stages, granulation tissue was formed, which was later replaced by a fibrous reticular, coarse-fibrous and more mature lamellar bone tissue.
In the first group of rabbits, delayed maturation of bone tissue was noted, consisting of the presence of necrosis zones, immature granulation tissue, defects of the maternal bone in early periods, and predominance of coarse-fibrous bone tissue in later periods of osteosynthesis. Necrotic sites in the first group were noted at the early stages of the experiment. The processes of resorption in the first group of animals often prevailed over the processes of osteosynthesis.
The use of LILFPUS during dental implantation induces osteoreparation processes, stimulating neoangiogenesis in granulation and newly formed bone tissue. In 2 months in animals after implantation, the formation of bone tissue consisting of coarse fiber (predominant) with bone marrow in intertrabecular spaces and of lamellar bone, and in the peri-implantation area -a vascular network with actively functioning vessels of the microcirculatory bed.
Implantation in animals with a combined effect of low-intensity low frequency pulsed ultrasound on dental implants and peri-implant tissues of the operated region promoted the formation of bone tissue similar to the histostructure of the maternal bone. The trabeculae were oriented predominantly parallel to the implant surface, the osteocytes lay freely in the bone gaps, the bone plates were arranged in an orderly manner, thus preserving the histoarchitectonics of the bone tissue. In experimental groups of animals, a thickening of the periosteum was observed due to the proliferation of cells of the osteogenic layer or hyperplasia of the fibrous layer, as well as the invasion of the endostal and bone marrow blood vessels into the perimplant tissue.
The area of the newly formed perimplant tissue in groups of animals with the therapeutic effect of low-intensity pulsed ultrasound was significantly higher than in the group without LILFPUS at all times of the experiment. Complete integration of the newly formed tissue with the implant surface at all times of the experiment was observed in the third group of animals. In this group, a gradual replacement of the granulation and fibrous reticular tissue of the peri-implant area with a newly formed bone tissue, at first less mature coarse-fiber, and then mature lamellar, histoarchitectonically practically no different from the maternal bone.
The results of morphometric studies. As a result of the studies of the area of the active osteoblastic surface, it was established that, at the beginning and at the end of the experiment, the processes of osteoreparation were significantly higher in animals of the third experimental group than in the animals of the first group.
The results of statistical study of the area of the active osteoblastic surface showed that in the first group of animals where conventional treatment was used, the areas of bone trabeculae with a high density of osteogenic cells were significantly lower in all the periods of the experiment than in the third group (combined exposure to LILFPUS of implants and peri-implant tissues).
The area of the newly formed tissue along the perimeter of the implant bed was significantly higher in the animals of the second and third groups from the time of the initiation of the studies to the end of the observations, compared with those of the animals of the first group where traditional treatment was used.
Based on the studied indices of restoration of bone trabeculae area, as well as the complex of treatment, the highest results were obtained in animals of the third group. Thus, the combined effect of low-intensity pulsed ultrasound on implants and peri-implant tissues have a pronounced linear relationship -with combined use of low-intensity pulsed ultrasound, there is a pronounced increase in the area of the active osteoblastic surface.
After 1 and 2 months of the experiment, the formation of the newly formed tissue along the perimeter of the implant bed was observed in the second and third groups of animals. The formed tissue was represented by coarse-fiber and lamellar bone tissue. In the first group of rabbits, delayed maturation of bone tissue and the predominance of coarse-fibrous bone tissue in later periods of osteosynthesis were noted.
The obtained experimental results of the studies substantiate the advisability and advantages of the combined effect of low-intensity pulsed ultrasound on dental implants and peri-implant tissues for improving the processes of osteoreparation and osseointegration.
Description of the method of dental implantation with combined action of low-intensity pulsed ultrasound. During the insertion of dental implants, they were sonicated by low-intensity low frequency pulesd ultrasound in intermittent mode for 15 seconds, at a frequency of 32 kHz using an ultrasonic device and a special waveguide concentrator that was tightly fixed in the implant to be installed (Fig. 3) . Then, for 7 days, the peri-implant tissues of the operated jaw region, starting immediately after the operation, were subjected to contact action by low-intensity pulsed ultrasound at a frequency of 28 kHz in intermittent mode using a labile technique for 10 minutes (Fig. 4) . Comparative evaluation of the results of the standard and proposed method of dental implantation in patients with partial secondary adentia. In all patients before treatment, the reduced bone density of the jaw was determined according to cone-beam computer tomography. Indices of microcirculation of peri-implant tissues indicated changes of microcirculation in the form of a decrease in the intensity of microcirculation of peri-implant tissues.
According to the results of clinical observation of the first group of patients with partial secondary adentia in the first 8 days after dental implantation we traced the tendency to deterioration of all indicators in comparison with the initial state. At the same time, the mild degree of peri-implant tissues inflammation was maintained in form of pain of palpation, hyperemia, enlarged lymph nodes, edema of soft tissues of the cheek, restriction of opening of the mouth and deterioration of microcirculation despite good oral hygiene. The installation of dental implants led to a deterioration in the parameters characterizing inflammation and the state of microcirculation in peri-implant tissues. During monitoring the second group of patients with partial secondary adentia, a positive effect of the combined effect of low-intensity pulsed ultrasound in dental implantation was established. Positive dynamics of decrease in intensity of inflammation in the nearest time of observation, starting from 3 days after exposure to LILFPUS was established, and by the 8th day of observation the decrease in inflammation was maximal.
There was a decrease in the period of acute postoperative condition (with a decrease in intensity or complete disappearance of pain), which is related to the analgesic and antiinflammatory effect of low-intensity pulsed ultrasound.
The use of ultrasound has a positive effect on the intensity of microcirculation in peri-implant tissues (by the end of the study, the microcirculation index in peri-implant tissues increased by 44.3 % compared to the value before treatment).
The radiological picture after the installation of dental implants showed no active resorption processes and increased clarity of the pattern of spongy bone tissue. At the same time, in all patients of the second group, after only 2 months, the density of bone tissue of the alveolar process significantly increased in comparison with the first group. The increase in bone density at this observation period made it possible to conduct a second surgical stage of dental implantation, followed by prosthetics with non-removable cermeted structures supported by inserted dental implants. It was established that the complex treatment of the patients of the second group had a significant positive effect on bone density of the alveolar process in the area of the inserted implants, and by the end of the study the bone density index increased by 14.9 % compared to the value before the treatment.
The use of low-intensity low frequency pulsed ultrasound facilitates the tolerability of dental implantation, contributes to the stable restoration of the normal physiological state of peri-implant tissues, helps to preserve the volume and improve the quality of the peri-implant bone.
Thus, the studies performed show that to improve the condition of peri-implant tissues in a complex of therapeutic and prophylactic measures in patients with partial secondary adentia, it is advisable to include LILFPUS during and after dental implantation.
Conclusions
Exposure to low-intensity pulsed ultrasound in experimental conditions allows to achieve 100 % wetting of the surface of titanium dental implants [17] . Combined action of low-intensity pulsed ultrasound on dental implants and on peri-implant tissues of the operated region in animals promotes the formation of bone tissue approximating the histostructure to the maternal bone, with full and stronger integration of the newly formed bone tissue with the implant surface, which is manifested in more intensive bone formation (increase of osteoblastic surface compared with the control); more rapid maturation of granulation tissue and replacement of it with fibrous reticular in the early stages of reparative processes, the formation of trabecular and lamellar bone in later stages and the complete integration of the newly formed tissue with the implant surface [18] . The combined effect of low-intensity low frequency pulsed ultrasound in dental implantation is characterized by an increase in the density of the peri-implant bone tissue of the alveolar process, the weakening of inflammation, stimulation of the microcirculation of the mucosa of the peri-implant tissues, shortening of the acute postoperative condition, and of treatment time for restoring the integrity of the dentition, and consequently lowering the cost of treatment [19] .
